T is evident from previous studies that myocardial dysfunction eventually develops in patients at an advanced stage of Fallot's tetralogy and that such dysfunction may not be reversible upon operative correction of the defect.1)-10) A number of pathomorphological and histochemical findings have suggested that infundibular muscle cells in Fallot's tetralogy are progressively undergoing degeneration.11)-15) Although various ultrastructural and histochemical changes of infundibular myocardium in tetralogy of Fallot have been extensively described previously11)-15) there have been no reports concerning electron microscopic cytochemical studies of the basement membranes of myocardial cells and capillaries in various stages of the disease. It is well known that the integrity of the sarcolemmal complex i.e., a combined structure of basement membrane and plasma membrane is absolutely required to maintain normal functions of myocardial cells. Based on an idea that altered sarcolemmal structures, even at the molecular level, can modify the membrane's selective permeability with resultant impairment of myocardial cellular functions, the purpose of the present report was to investigate the ultrastructures and anionic sites in the basement membranes of myocardial cells and capillaries in tetralogy of Fallot by means of electron microscopic cytochemical techniques.
MATERIALS AND METHODS
Two groups of subjects with tetralogy of Fallot who had severe cyanosis clinically from infancy were selectively studied. Group 1 included 7 patients at an early stage of the disease, 5 males and 2 females, ranging in age from 7 months to 5 years. Group 2 included 6 patients at a far advanced stage of the disease, 5 males and 1 female, ranging in age from 30 to 46 years. These 2 groups represented the extremes of age and of morphologic alteration in all of the Fallot patients.15) Crista supraventricularis muscles of the right ventricle were obtained during open heart surgery from these patients who underwent total correction of tetralogy of Fallot. The operatively excised infundibular muscles of the right ventricles were immediately prepared for conventional electron microscopy and electron microscopic cytochemistry.
Conventional electron microscopy:
The specimens obtained were instantly fixed in 3% phosphate-buffered glutaraldehyde (pH 7.4) for 2 hours. The specimens were then rinsed in several changes of cold phosphate buffer, and postfixed in 2% phosphate buffered osmium tetroxide for an additional 1 hour. After fixation, the tissues were dehydrated in graded concentrations of chilled ethanol, and were embedded in Epon-Araldite. The specimens were sectioned with a Sorvall MT-2B Porter-Blum ultramicrotome using glass knives and stained with uranyl acetate and lead citrate. The ultrathin sections were examined with a Hitachi H-500 electron microscope operating at 75 or 100KV.
Electron microscopic cytochemistry:
The procedures used for labeling of anionic sites in infundibular myocardium with cationic polyethyleneimine (PEI mole wt 40,000-60,000, Sigma Chemical Co., St. Louis) were principally based on the method as described by Schurer et al16),17) with some modifications. The tissues obtained were cut into small blocks in ice-cold normal saline, and were immediately transferred into 0.5% PEI solution which was prepared according to the report of Schurer et al16),17) for 30min. The specimens were washed in 0.1M cacodylate buffer, pH7.4 with several changes, and prefixed in a mixture of 0.1% glutaraldehyde and 2% phosphotungstic acid buffered with 0.1M cacodylate at pH 7.4 for 1 hour. The tissues were washed again in 0.1M cacodylate buffer, pH 7.4, and reimmersed in 0.5% PEI solution for 30min. The specimens were then washed in 0.1M cacodylate buffer, pH 7.4, and postfixed with 1 % osmium tetroxide in 0.1M cacodylate buffer, pH 7.4 for 1 hour. Subsequently, the tissues were dehydrated in graded concentrations of ethanol and embedded in Epon-Araldite. The specimens were sectioned with a Sorvall MT-2B Porter-Blum ultramicrotome using glass knives and stained with uranyl acetate and lead citrate. The ultrathin sections were examined with a Hitachi H-500 electron microscope operating at 75 or 100KV.
RESULTS

Ultrastructures of basement membranes of myocardial cells and capillaries:
In general, the sarcolemmal complex of infundibular muscle cells observed in early stages of tetralogy of Fallot, particularly in the infantile stage, is comprised of three distinct layers i.e., two electron-dense layers separated by an electron-lucent central zone ( Fig.1 ) when viewed with an electron microscope. The plasma membrane, an inner electron-dense layer, is the basic cell unit membrane about 7-9nm thick. On the exterior of the plasma membrane is a rather homogeneous layer of material about 50nm thick widths (Fig.2) . The outer lamina densa and inner lamina lucida of the basement membranes were clearly defined.
In contrast to the findings noted in early stages of tetralogy of Fallot, the sarcolemmal complex of infundibular muscle cells observed in the far advanced stage of tetralogy of Fallot often showed irregular thickening of the basement membranes with apparent loss of a triple-layered structure (Fig.3) . The central electron-lucent surface coat was often absent with only a thick, dense zone comprising the sarcolemmal membranes.
In addition, myocardial capillary basement membranes in the far advanced cases were also observed to be irregularly thickened and quite variable in width (Fig.4) .
The lack of an inner lamina lucida was often noted with only thickened and dense basement membranes.
Lamination and/or wide splitting of capillary basement membranes were often seen. In summary, alterations of basement membrane ultrastructures of myocardial cells and capillaries are characteristic of far advanced tetralogy of Fallot. This may indicate that there is some relation- ship existing between altered basement membranes and duration of the disease.
Anionic sites in basement membranes of myocardial cells and capillaries: In this study PEI was used to characterize anionic binding sites in the basement membranes of myocardial cells and capillaries. In the early stage of tetralogy of Fallot, PEI staining of the sarcolemmal complex of myocardial cells in the transverse section always showed that PEI particles were almost restricted to the external lamina of the basement membranes where they were arranged in linear arrays at regular intervals of 40 to 80nm (Fig.5) . In the tangentially sectioned basement membranes PEI particles were seen to be displayed as a regular, lattice-like arrangement in the external lamina. A few PEI particles were not infrequently observed to be irregularly distributed in the surface coat of the basement membrane. PEI particles were rarely seen to be deposited in the intercalated discs and in the interior of myocardial cells with intact sarcolemmal structures.
In addition to the regular distribution of PEI particles in the basement membranes of myocardial cells, PEI staining of myocardial capillaries in the early stages of Fallot's tetralogy also showed that PEI particles were arranged in an orderly fashion in linear arrays in the basement membrane, particularly in the outer lamina densa, at regular intervals of 40 to 80nm (Fig.6) .
When myocardial capillary basement membranes were tangentially sectioned, PEI particles were also found to be displayed as a lattice-like arrangement in the lamina densa. A few PEI particles were not infrequently noted to be randomly scattered in the lamina lucida. The above findings indicate that the organization of anionic binding sites characterized by PEI was almost identical in the basement membranes of myocardial cells and capillaries which showed a quasi-regular lattice-like arrangement. Vol.28 No.3 In the far advanced stage of tetralogy of Fallot, PEI staining of myocardial cells with apparent loss of a triple-layered structure of sarcolemmal complex frequently showed that PEI particles were irregularly and loosely distributed in the external lamina of the basement membranes which exhibited irregular widening (Fig.7) .
Furthermore, areas of focal loss of PEI deposition in the abnormally thickened basement membranes of myocardial cells were consistently observed.
In many instances PEI particles were seen to be scattered in the intercalated discs and even in the interior of myocardial cells (Fig.8) .
In addition, irregular and loose arrangements of PEI particles in the capillary basement membranes were often present, particularly in the abnormally thickened and laminated basement membranes in the far advanced cases of tetralogy of Fallot (Fig.9) .
Thus, anionic molecular organization in the basement membranes of myocardial cells and capillaries was altered in the far advanced cases of Fallot's tetralogy.
Further, anionic binding sites appeared to be decreased in the altered basement membranes.
DISCUSSION
Extensive pathomorphological studies of crista supraventricularis muscles obtained from patients with tetralogy of Fallot have disclosed various stages of transformation in muscular structure from normal architecture to hypertrophy and dystrophy.11)-15) Serial ultrastructural alterations observed in the infundibular muscles of Fallot's patients have indicated that infundibular muscle cells are progressively undergoing degeneration. 14),15) Although previous studies have been extensively made of myocardial ultrastructures in patients with tetralogy of Fallot, the reports concerning the ultrastructural changes of myocardial basement membranes are far from complete.
To date, there is still no report dealing with anionic molecular organization in the basement membranes of myocardial cells and capillaries in Fallot's tetralogy. By means of electron microscopic cytochemical techniques the present report has demonstrated that the basement membranes of myocardial cells and capillaries observed in the early stages of tetralogy of Fallot, particularly in the infantile stage always show normal thickness with regular and dense distribution of the anionic binding sites in the membranes.
These findings indicate 
